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1. IN 1873 Mach fouudl that one sensation of rotation can be 
annulled by a second rotation opposite in direction to the former. For 
example, the after-sensation of turning obtained by stopping a rotation 
(which, when of uniform speed, itself gives rise to no sensation) may 
be destroyed by a new rotation. 

This well-known fact induced me to find out what would happen 
when a person was subjected to a periodically interrupted rotation, the 
period of rotation and interruption being always of equal length. 

The sensations with which this paper deals were obtained by 
rotating the subject on a circular turn table, a modified form of that 
devised by Mach. The table was so made as to run with very little 
friction. It was driven by an electromotor. The room in which it was 
placed was darkened and all noise was excluded. The subject sat on 
a bicycle saddle, his head being supported by a frame which was inclined 
-forwards at  an angle of 25 degrees above the horizontal plane in order 
to limit stimulation solely to the two horizontal semi-circular canals. 

The rotation of the turn table was arrested by means of a lever, 
covered with felt, which could be pressed against the margin of the table, 
a t  the same time interrupting the current that drove the electromotor. 
This lever was hinged to the floor, aud waa actuated at  the outset by 
the hand, in later experiments by means of a second electromotor. 

2. 

1 Deaoribed in his Grundlinien der Lehre volt den Bewegungsemp~ndungen, 1876. 
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The current of the first motor was interrupted by leading i t  through a 
wire attached to the lever. This wire dipped into mercury so long as 
the lever did not touch the table, but i t  was lifted out of the mercury 
when the lever was pressed against the edge of the table, and thus the 
current was broken. 

When the table was turued round with a speed of 24 degrees 
per second and the lengths of the periods of interruption and rotation 
were gradually reduced, the following results were obtained : 

If the interruption periods bc long enough, the person on the 
table experiences just what  occurs : he feels that he is being alternately 
turned and stopped. More accurately, his sensations may be described 
as follows: 

(i) 

3. 

(a) 

During rotation : increasing sensation of rotation, 
maximal ,, Y >  YJ  

decreasing ,, JJ 9 )  

(ii) During rest : increasing after-sensation of reversal, 
maximal ,, 9 1  2) >J 

decreasing ,, J) 9) J> 

no J, ,J ), Y, 

( b )  By shortening the periods, his experience is changed into one 
of going to and fro: the subject thinks he is oscillating about a point. 
I n  other words the sensations of rotation produced by the turning and 
the stopping immediately alternate with each other. 

By employing the lever still more quickly, all experience of 
rotation completely vanishes. The subject thinks that he is at rest, 
whereas he is actually being turned round interruptedly in a uniform 
direction. 

The following table gives the lengths of the periods of turning 
and stopping, necessary to produce the phenomena : 

(c) 

TABLE I. 
Average angular velocity of the turn table during the turning, 

24" per sec. 

and interruption Experience of 
Length of periods of rotation 

09" Rotation and rest 
07" Oscillation 
044" k t  

It is possible to find for each speed of the electromotor a corre- 
sponding length of periods of rotation and interruption, a t  which the 
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complete fusion of the sensations (ie. the illusion of rest) may be 
brought about : 

TABLE 11.. 

Average angular velocity of turn table 
1' per sec. 
20 .. 

Interruption time 
0.73 sea. 
053 ,, 
0.45 ,, 
044 ,, 
0.44 ,, 

Throughout these experiments the acceleration was approximately 
uniform, owing to the high power of the motor and the small amount 
of friction'. 

By calculating the acceleration from the average velocity' and 
taking the number of interruptions per sec. instead of the length of the 
periods we obtain the following table : 

TABLE 111. 
Acceleration 

3' per sec. per sea. 
7O 9, ,, 

22O , I  ,, 
5 5 O  ,, ,, 

Number of interruptions per sea. 
1.4 
1.81 
2.22 
2.27 

Inasmuch as the acceleration represents the stimulus, we see that 
doubling or trebling the stimulus strength necessitates only a very 
small increase in the number of interruptions. 

There can be no doubt that with increased acceleration of the table 
more interruptions per second are needed to obtain fusion. Of course 
there are individual differences. I had the opportunity, however, of 
submitting twenty members of the Dutch Oto-laryngological Society 
to the experiment, and I failed to find any among them in whom the 
sensations did not fuse as they did in my own case. The differences in 
the required combinations were only slight. 

1 If the turn table were moved and stopped in absolutely the same way, there ought to 
be a period also during rotation in which the turning was imperaeptible. But it was 
always stopped more suddenly than it was set in motion, the period of rotation gave rise 
to a more prolonged sensation. The after-seneation therefore increased more acutely than 
the rotation-esperience proper and overtook it so that a moment of experienae of rest 
ensued. 

a Calling the pathpwe have: p=fatzandp=vt;  whence &at*=vt, a=-;  thus in our 
2v 
t 

2x10 
073 first instance: a=-=3O nearly, and so on. 

J. of Psych. IV 14 
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4. I have already quoted Mach's statement concerning the mutual 
interference of sensations derived from the labyrinth. The phenomena 
brought to light in my own experiments may be explained in a similar 
way. According to Mach the labyrinth is susceptible to stimulation 
only by accelerations, positive or negative; there is no possibility of 
uniform rotatory motion being felt, as there must be an internal push 
or pull, acting on the cells of the end organ. Hence it follows that 
cessation of rotation must give rise to  the same sensation as turning in 
the opposite direction. In other words, when a person is stopped 
during a rotation he will feel as if he is being turned the other way. 
As the accelerations can only be experienced through pushes or pulls 
administered to the end organ, this experience must vanish upon the 
removal of a pressure by a simultaneous counter-pressure, zt9 O C C U ~ S  

in presenting successively contrary stimuli. The only point which 
requires consideration is the protracted character of the after-sensation 
when rotation has ceased; a feature which enables the experimenter to 
present two contrary stimuli influencing each other. 

One striking characteristic of this interference of sensations must 
be bortie in mind, and that is the suppression of the sensation before it 
has come to co?2sciomess, or-to avoid the contradiction in terms-the 
annulling of the efect of the stimu1u.s before it has had the opportunity of 
giving a sensation. 

In the accompanying diagram of the sensations which arise during 
the experiment I have endeavoured to make clear how this interference 
takes place. The stimuli are represented by the thick black lines 
along the smaller squares which represent tenths of seconds. In 
the example taken the conditions are supposed to be an angular 
acceleration of 22 degrees per sec. per sec. and interruption and rotation 
periods each of 0.45 sec. The following data are assumed correct: 
(a) action time = 0 8  sec. (as determined by Rosseni in his Dissertation, 
Utrecht, 1907) ; ( b )  moment of maximal sensation = 0.5 sec. after the 
sensation has passed the threshold (as ascertained by me in a series of 
experiments which will be published elsewhere)'. 

The positive stimuli and sensations (corresponding to periods of 
rotation) axe represented by the lines above the horizontal base line, 
00, the negative ones (occurring during stopping) are represented by 
the lines beneath it. Upon the application of the stimulus we see the 
curved line, which represents the sensory effect, rising from the base 

For the acceleration of 22" per see. per sec. the di8terence between 20 end 22 was 
neglected, and the period 0.46 aec. was taken as @4 seo., being just half the action time. 
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line, and crossing the threshold, TT, after 0.8 sec. From this point it 
represents the sensation which reaches its maximum 0.5 sec. later. 
Half-way however between the origin of this curve and its passing the 
threshold, the contrary effect has developed, caused by the stopping of 
the turn-table. This is expressed by a similar curve below the base 
line. The cycle of positive and negative effects is repeated. After 
reaching their maxima, the curves gradually descend; the shape of 
this part of the curve I have analysed in my paper mentioned above. 

By subtracting the distances from the base line of the two sets of 
curves, those above and those below the base line (an operation 
corresponding to the interference between the contrary sensations), we 
get the zig-zag line between the base line and the threshold. We can 
now see quite clearly what happens. Each stimulus is on its way to 
produce a sensation, but before the threshold of consciousness is reached, 
it fuses with its opponent and is annulled. The relation which we 
found between the speed of the motor and interruption number also 
becomes quite clear. As the speed becomes greater the curve must 
rise quicker, and will the sooner pass above the threshold. Hence i t  
follows that the counter-stimulus must be administered sooner, other- 
wise a sensation will be felt. In other words the quicker the motion of 
the motor, the more interruptions are needed to keep the effect below 
the threshold. When the upper and lower apices of the zig-zag line 
pass respectively beyond the two thresholds, we have an illusion of the 
sensation of oscillation (page 206). 


